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In this study, Jeon et al 1 assess the association between exposure to hyperoxia in ventilated patients following aneurysmal subarachnoid haemorrhage (SAH) and both delayed cerebral ischaemia (DCI) and functional outcome. Prospective data from an observational cohort of patients with available partial pressure of oxygen (PaO 2 ) was retrospectively assessed. Hyperoxia was defined as the highest quartile of PaO 2 (≥173 mm Hg) and poor outcome as modified Rankin scale 4-6 three months after SAH. Of 252 included patients, there were no significant differences in baseline characteristics between patients with and without a history of hyperoxia. DCI occurred in 38.5% of patients and unfavourable outcome occurred in 53.5%. After adjusting for modified Fisher scale, rebleeding, global cerebral oedema, intracranial pressure crisis, pneumonia and sepsis, hyperoxia was independently associated with DCI. After adjusting for age, Hunt-Hess grade, aneurysm size, Acute Physiology and Chronic Health Evaluation II score, rebleeding, pneumonia and sepsis, hyperoxia was independently associated with poor outcome.
The authors should be commended for their study that demonstrates that hyperoxia exposure is associated with worse outcomes. Similarly, studies of patients following cardiac arrest and traumatic brain injury have suggested that hyperoxia is associated with worse outcomes. 2 3 Following cerebral injury, hyperoxia may contribute to poor outcomes through a number of mechanisms. 4 Hyperoxia is postulated to contribute to cerebral vasospasm and DCI through reduction in cerebral blood flow. The present authors found that hyperoxia was associated with poor outcome independently of carbon dioxide levels. Additionally, recent studies provide evidence that local inflammation and cellular injury may result in DCI independently of cerebral vessel diameter alteration. Hyperoxia can increase free radical production, which results in oxidative stress when there is overproduction and/or decreased clearance of free radicals. This can directly lead to cellular toxicity, DNA damage and apoptosis. This contributes to endothelial dysfunction, immune cell localisation and smooth muscle cell migration and proliferation, which further promote vascular inflammation and injury. Hyperoxia may also activate the coagulation cascade with alteration in fibrinolysis. Ultimately, hyperoxia may result in DCI through inflammation, vasoconstriction and microcirculation dysfunction. Thus, exposure to excess oxygen may represent a modifiable factor for morbidity and mortality in patients with SAH.
Conversely, studies have also found that hyperoxia may be of therapeutic benefit and improve outcomes for patients with traumatic brain injury and ischaemic stroke. 5 6 Specifically, patients that are hypoxic and receive appropriate therapeutic supplemental oxygen may have improved outcomes. Patients that have appropriate oxygen levels but are exposed to supra-physiologic oxygen concentration or are treated with higher prophylactic oxygen concentrations may have worse outcomes. Thus, it is unclear whether hyperoxia is associated with poor outcome or is a modifiable risk factor or therapeutic measure. Currently, there are no evidencebased guidelines to guide optimal oxygenation algorithms in patients with SAH other than the clear relationship with prolonged hypoxia and neurological injury. Going forward, it will be important to determine whether hyperoxia is an association with poor outcome or whether alterations in PaO 2 can improve outcome.
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